The aim of this study was to develop a new approach that can be used to estimate the elution characteristics of odorants from chewing gum into saliva during chewing using a chewing apparatus and to apply the approach to the prediction of their elution ratios. The odorants eluted from the model chewing gum were analyzed by a gas chromatography-flame ionization detector using the adsorptive column method and Headspace-solid phase microextraction (HS-SPME). It was found that the quantitative data obtained from each analytical method are in proportion and that the measured value obtained from HS-SPME, which is easy to operate, could convert the quantitative data obtained from the adsorptive column method. Therefore, it was demonstrated that the amounts of odorants eluted from chewing gum and their release curves could be easily determined by a combination of the two methods. In addition, it was recognized that there was a good overall regression coefficient between the elution ratio of the odorants in the model chewing gum after a 20-min chewing run and the difference between the retention indices on the polar and apolar stationary phase of GC columns (ΔI). Therefore, ΔI is the most important factor for predicting the elution ratio of odorants in chewing gum during chewing.
Introduction
Flavor is one of the primary factors determining the quality of a foodstuff. Flavor is a more important factor for the quality of chewing gum than for that of other foodstuffs, because the flavor of chewing gum is strongly required as an excellent characteristic of in-mouth release, which is the immediate flavor impression and the duration of perception of odorants during chewing, in addition to an excellent odor quality and an appropriate intensity. The sensory response to an added flavor in chewing gum is mainly affected by the rate and extent of the in-mouth flavor release during consumption, and the driving forces of the release are the partition between the different phases (chewing gum -saliva -air) and mass transfer velocity (De Roos, 1990; De Roos, 2000; Harrison, 2000) . Therefore, detailed understanding of the in-mouth release characteristics of odorants in chewing gum during chewing is extremely important for the production of high quality chewing gum products.
The perception of flavor in chewing gum is a process that involves the release of odorants from the chewing gum and their transport via the retronasal route to the nasal cavity, where aroma perception takes place. The process of aroma perception involves many steps. First, odorants are released from the chewing gum and diluted with saliva during chewing. They are then volatilized into the headspace of the oral cavity and transported via the retronasal route to the nasal cavity, where they interact with the receptors in the olfactory epithelium. The receptors transform the sensory information into electrical signals. These signals are then transported to the brain and the aroma is perceived. Therefore, the in-mouth release characteristic of each odorant during chewing would be affected by each step in the process.
Recent studies have determined the concentrations of odorants in the nose-space during food consumption by realtime mass spectrometry such as atmospheric pressure chemical ionization-mass spectrometry (APCI-MS) or proton transfer reaction-mass spectrometry (PTR-MS) (Harvey et al., 2000; Sostmann et al., 2009) . These devices have enabled real-time monitoring of several odorants in the nose-space and and liquid flavors. The powdered flavor included 5 odorants (shown in Table 1 ; the concentration of each odorant in the powdered flavor was about 5%) and its emulsifier was gum arabic and starch hydrolysate. Liquid flavors were comprised a total of 43 odorants (shown in Table 2 ; the concentration of each odorant in the liquid flavor was 5%) dissolved in glyceryl triacetate.
Preparation of the model stick gum and the model tablet gum Non-coated chewing gums were prepared as follows. Powdered sugar (64 g) and 85%-sugar syrup (13 g) softened in hot water were mixed with a gum base (23 g) and the mixture was kneaded for about 1 min. 0.5, 1.0 or 2.0 g of the powdered flavor was then added (the final concentration of each odorant in the chewing gum was about 250, 500 or 1000 ppm, respectively), and the mixture was kneaded adequately. The chewing gum was rolled and cut into about 1.8 g sticks. Meanwhile, 1 g of the liquid flavor was added to a mixed gum base (the final concentration of each odorant in the chewing gum was 500 ppm), and the mixture was kneaded adequately. The chewing gum was rolled and cut into about 1.0 g tablets.
Chewing conditions for the elution tests The following default settings of the chewing apparatus (DRT, ERWEKA GmbH, Heusenstamm, Germany) were used during chewing, unless specified otherwise: chew frequency: 40 strokes/min, distance between the chewing surfaces: 1.6 mm, twisting angle: 20°, and temperature of test cell: 37.0℃. A stick gum (folded in the middle) or a tablet gum was placed between the chewing surfaces. For all samples, 40 g of distilled water was used as the test medium. A sample volume of 0.5 mL was withdrawn from the test cell at different times; 2, 5, 10 min from the start of chewing. The chewing test was then stopped and the test medium was adequately stirred. The chewing test was restarted immediately after a sample was withdrawn each time. After a 20-min chewing run, the total amount of the tested medium was recovered.
Concentration of Odorants by the Adsorptive Column
Method 10 g of the tested medium recovered after a chewing run was added to 5 µL of an ethanolic solution of 2-octanol (2 µg/mL) and passed through the glass column (15 cm × 2 cm i.d.) containing a SP700 (5 mL, Mitsubishi Chemical, Tokyo, Japan). After the column had been washed with 50 mL of distilled water, the odorants on the SP700 were eluted with 20 mL of dichloromethane. The eluate was dried over anhydrous sodium sulfate and evaporated. The solvent was then concentrated by flowing N 2 gas.
Gas Chromatography-Mass Spectrometry (GC-MS) with Liquid Injection
The concentrated odorants were analyzed by an Agilent 6890N gas chromatograph coupled to an Agilent 5973 series mass spectrometer (Agilent Technolosensory evaluation during chewing simultaneously. Meanwhile, it has been revealed that the in-mouth release characteristics of odorants in chewing gum can be estimated by retention indices on a polar GC column using the Retronasal Flavor Impression Screening System (R-FISS) (Kumazawa et al., 2008) . While these in-vivo studies can provide insight into the in-mouth release characteristic of odorants and how flavor is perceived, these methods have limitations. One of the major limitations is the significant variability in the data. In addition, these methods cannot consider the impact each step (mastication, dilution with saliva, mass transfer from the oral cavity to the nasal cavity, etc.) of aroma perception has on the in-mouth release characteristic of odorants in chewing gum. Therefore, the in-mouth release characteristic, which is related to the immediate impression and persistence of the flavor, of odorants in chewing gum still remains unclear.
In order to overcome these difficulties, a chewing simulator was proposed as a solution. Substituting an artificial mouth for a human subject can provide good reproducibility of mastication and quantitative data on odorants released from chewing gum. Previous studies using a chewing simulator have reported that the flavor release from chewing gum could be correlated to several masticatory parameters such as the mastication rates, the number of chews, the chewing time, the salivary flow and the masticatory performances (Pionnier et al., 2004a , Pionnier et al., 2004b . However, it remained difficult to understand the individual effect of these parameters in vivo because many of them would be related and varied simultaneously.
In this study, the in vitro chewing release apparatus (Kvist et al., 1999) was used to investigate the elution characteristic of odorants in chewing gum during chewing, focusing in particular on the elution step of odorants from chewing gum into saliva. The chewing apparatus was mainly constructed to examine the release of pharmaceutical ingredients from chewing gum. The advantages of the apparatus are good reproducibility of mastication and its easy operation to recover the test medium into which the tested ingredients were eluted. However, there are no previous studies in which the chewing apparatus was applied to volatile ingredients, and it is not clear if the apparatus can be applied to odorants in chewing gum. Therefore, the aims of the current study were to develop a new approach that uses the chewing apparatus to estimate the elution characteristics of odorants from chewing gum into saliva during chewing and to apply the approach to the prediction of their elution ratios.
Materials and Methods
Preparation of model flavors Two different forms of flavors were used in the experiments; a powdered flavor matching their retention times to those of the authentic compounds and by comparing their elution order to those in the chromatograms measured by GC-MS. Quantitative data were obtained from the relative peak areas between the tested odorants and 2-octanol (internal standard) in the chromatograms. These data were then converted for consistency in the tested chewing gum.
Results and Discussion
Application of the Chewing Apparatus to the Odorants in the Model Chewing Gum Measuring the in-mouth release of odorants, especially the process of elution from the chewing gum into saliva, is expected to be quite difficult, because the eluted odorants in saliva are swallowed and the absolute extraction of the remaining odorants in the chewing gum after chewing appear to be quite difficult. Therefore, a model mouth was used as a solution in order to examine the inmouth elution characteristics of odorants from chewing gum into saliva during chewing. In the present study, the in vitro chewing apparatus was used in order to reveal the elution characteristic of odorants in chewing gum during chewing. As previously stated, the advantages of the chewing apparatus are reproducible mastication and its easy operation to recover the tested medium (distilled water) into which the tested odorants were eluted. The reproducibility of the amounts of odorants eluted from the model stick gum (including 5 odorants shown in Table 1 ; the final concentration of each odorant in the model stick gum was 500 ppm) after a 20-min chewing run was examined by applying the apparatus. The odorants in the test medium were determined by GC-MS and their contents in the model stick gum were calculated by GC-FID using the adsorptive column method and HS-SPME. As a result, the relative standard deviation [RSD (%) = SD100/ mean] of the amounts of eluted odorants in the tested medium showed good reproducibility with < 8% variability in each analytical method (Table 1 ). This result revealed that the chewing apparatus can be applied to the elution test of odorants in chewing gum.
Development of a new approach to measure the elution characteristic of odorants in chewing gum
It appeared that the elution characteristics of odorants in chewing gum during chewing could be characterized by the amounts of eluted odorants and their release curves (time -amount curves). In order to reveal the elution characteristics, it is quite important to select an analytical method which has both a simplified operation and the capability of accurate quantification since many data points are needed to plot the release curves. In the current study, the adsorptive column method and HS-SPME were used to analyze the odorants in the tested medium after the chewing run. However, the quantitative data for the odorgies, Palo Alto, CA, USA). The column was a 60 m × 0.25 mm i.d. DB-Wax fused silica capillary (J & W Scientific, Folsom, CA, USA) with a film thickness of 0.25 μm. The column temperature was programmed from 40℃ to 230℃ at a rate of 5℃/min. The flow rate of the helium carrier gas was 1 mL/min. The mass spectrometer was used at an ionization voltage of 70 eV (EI) and an ion source temperature of 150℃. The odorants were identified by comparing their mass spectrum (quadrupole) and retention time with those of the authentic compounds.
Gas Chromatography-Flame Ionization Detector (GC-FID) with Liquid Injection The concentrated odorants were analyzed by an Agilent 6850N gas chromatograph with an FID in the split mode (injection volume of 1 μL, inlet temperature of 250℃, split ratio of 30:1). The column was a 30 m × 0.25 mm i.d. DB-WAX fused silica capillary (J & W Scientific) with a film thickness of 0.25 μm. The column temperature was programmed from 40 to 230℃ at a rate of 5℃/min. The flow rate of the N 2 carrier gas was 0.7 mL/min. The odorants were determined by matching their retention times to those of the authentic compounds and by comparing their elution order to those in the chromatograms measured by GC-MS. Quantitative data were obtained from the relative peak areas between the tested odorants and 2-octanol (internal standard) in the chromatograms. These data were then converted for consistency in the tested chewing gum.
Concentration of Odorants by the Headspace-Solid Phase Microextraction (HS-SPME) 500 μL of the tested medium after a chewing run and 10 µL of an ethanolic solution of 2-octanol (0.2 µg/mL) were placed in a 20-mL glass vial and sealed with a silicone septum. An SPME fiber (Supelco, Bellefonte, PA, USA) coated with divinylbenzene-carboxen-polydimethylsiloxane (DVB/CAR/PDMS, 50/30 µm) was then inserted into the headspace of the pre-warmed (10 min at 60℃) sample vials for extraction (15 min at 60℃). During pre-warming and extraction, the sample vials were agitated at 500 rpm and 250 rpm, respectively. After extraction, the SPME fiber was removed and introduced into the injector port of GC-FID. These automated processes were achieved using a Combi PAL autosampler (CTC Analytics AG, Zwingen, Switzerland).
GC-FID with HS-SPME The odorants concentrated on the SPME fiber were analyzed by an Agilent 6890N gas chromatograph with an FID in the split mode (desorption time of 1 min, inlet temperature of 250℃, split ratio of 30:1). The column was a 30 m × 0.32 mm i.d. DB-WAX fused silica capillary (J & W Scientific) with a film thickness of 0.25 μm. The column temperature was programmed from 40 to 230℃ at a rate of 5℃/min. The flow rate of the helium carrier gas was 1 mL/min. The odorants were determined by data for the odorants in the model stick gum (including 5 odorants shown in Table 1 ; the final concentration of each odorant in the model stick gum was 500 ppm) obtained from each method are in proportion (not including hexanoic acid because it could not be sufficiently detected by HS-SPME) (Fig. 1) . Furthermore, when the same chewing test using 2 other model stick gums (including 5 mixed odorants; the final concentration of each odorant in the model stick gums was 250 or 1000 ppm) was performed, it was found that the quantitative data obtained from each method are also in good proportion in each case (data not shown). Therefore, it would appear that the quantitative data obtained from HS-SPME could be easily converted to the data obtained from the adsorptive column method, provided that the concentrations ants obtained from these methods varied widely ( Table 1) . The accurate quantification of odorants in the tested medium using HS-SPME was assumed to be difficult because the method does not analyze the odorants in the medium, but in the headspace. In contrast, the quantitative data for the odorants obtained from the adsorptive column method are more reliable than those from HS-SPME. However, this method requires a multistep preparation process (absorption, desorption and condensation). Moreover, continuous measurement will be difficult because a large amount of tested medium (10 g of the initial 40 g) is needed and it can influence the subsequent elution of the odorants. Therefore, the adsorptive column method cannot be applied to the present study since many data points are required. SPME liquid sampling was not used to analyze the odorants in tested medium for the same reason. SPME liquid sampling might provide reliable data and a simplified operation. However, continuous measurement will be difficult because a large amount of the tested medium is needed. Given these advantages and disadvantages, both analytical methods are assumed to have difficulty analyzing many samples accurately and easily when performed separately. Therefore, considering the possibility of combining the advantages of both methods, the quantitative data obtained from HS-SPME and the adsorptive column method were compared.
In order to develop an analytical method that can determine the amounts of eluted odorants in the tested medium and their release curves, the relationship between the quantitative data for the eluted odorants at each chewing time (2, 5, 10 and 20 min from the start of the chewing test) obtained from the adsorptive column method and HS-SPME with GC-FID was investigated. These measurements were performed only once because the quantitative data for the eluted odorants showed good reproducibility (see Table 1 and Kvist et al., 1999) . As a result, it was found that the quantitative T. iTobe et al. Fig. 1 . Relationship between the quantitative data for the odorants in the model stick gum obtained from the adsorptive column method and HS-SPME. Each value is a single result (the measurement was performed only once) and the chewing times are 2, 5, 10, and 20 min corresponding to the order of increasing value. The concentration of each odorant in the model stick gum was 500 ppm. Flavor concentration by the HS-SPME method (ppm) Flavor concentration by the column method (ppm) hexanal isoamyl acetate hexanol menthol after the 20-min chewing run (data not shown). Furthermore, the approach in this study cannot consider the odorants that evaporated to the air during chewing. Recent studies have suggested that the amount of evaporated odorants during chewing would also be high (Krause et al., 2011) , and it was considered that the release curves obtained from the present approach might reflect the influence of the evaporated odorants. These results suggested that the present approach using the chewing apparatus would also have limitations. Therefore, further examination will be needed to clarify the relationship between the release curves of the eluted odorants and their sensory curves.
Prediction of the in-mouth elution ratio of odorants in chewing gum Elution ratios of odorants contained in chewing gums are supposed to be one of the important factors in determining their elution characteristics. The relationship of elution ratios and physicochemical properties of odorants in the model chewing gum was investigated using the same approach. It appeared that the in-mouth elution of odorants from the chewing gum to saliva was the partition phenomenon between the hydrophobic chewing gum base and hydrophilic medium (saliva). Therefore, it can be presumed that the hydrophobicity/hydrophilicity (polarity) of each odorant would have an influence on the amounts of eluted odorants from the chewing gum. The polarity is also a major factor affecting the retention and separation of odorants in gas chromatography (Masada and Kojima, 1983; Kawai, 1987) . For example, the retention and separation during apolar GC columns (such as the DB-1) or polar GC columns (such as of the odorants in the chewing gum range from 250 ppm to 1000 ppm.
Based on these results, the elution characteristics of the odorants in the chewing gum will be measured using the following steps. The tested medium at each chewing time (2, 5 and 10 min after the chewing runs) will be analyzed only by HS-SPME. Only the tested medium after a 20-min chewing run will then be analyzed by both the adsorptive column method and HS-SPME. Because the quantitative data from HS-SPME were proportional to those from the adsorptive column method, the measured value obtained from HS-SPME was converted to the data from the adsorptive column method for each chewing time using the following equation:
Eq.1
In this equation, C 20 and X 20 are the measured values obtained from the adsorptive column method and HS-SPME after the 20-min chewing run, respectively, and C 20 / X 20 is the coefficient to convert the measured value obtained from HS-SPME (X n ) to the data obtained from the adsorptive column method (C n ) after an n-min chewing run. The release curves of the odorants in the chewing gum measured by the new approach are shown in Fig. 2 . The elution ratios (amounts) of odorants eluted from the chewing gum at each chewing time would be compared using these release curves. Moreover, the elution rate can be compared by differentiating the approximation formula of these release curves. Therefore, the new approach using the chewing apparatus can be an effective method to measure the elution characteristics (elution ratio and release curves) of various odorants (not including organic acids) in chewing gum.
However, the release curves obtained from the approach mentioned above do not correspond to the common timeintensity curves because the present release curves show the accumulated amounts of the eluted odorants during the chewing run while the sensory curves show the instantaneous sensory intensity for flavor at each chewing time. If the flavor intensity were proportional to the amount of instantaneously eluted odorants, the curves showing the elution rate of the odorants at each chewing time might become similar to the time-intensity curves. Moreover, the amount of eluted odorants in the tested medium showed a tendency to decrease after a certain period of time in the study. It was reported that the concentration of menthone was relatively steady during chewing in the nose-space release measurements (Harvey et al., 2000; Davidson et al., 1999) . Therefore, the eluted odorants might reach equilibrium between the chewing gum base and the tested medium (distilled water) under the experimental condition. In fact, the odorants eluted sufficiently when only the test medium was changed into a new test medium Estimate the Elution Characteristics   Fig. 2 . Release curves for the eluted odorants from the model stick gum into the tested medium. Each elution ratio was the percentage of the eluted odorants to the added odorants in the stick gum and was calculated from a single result (this measurement was performed only once). The concentration of each odorant in the model stick gum was 500 ppm. between these parameters, and the coefficient of correlation (R 2 ) for the tested odorants (molecular weight ≤ 150) was nearly 0.8. Therefore, the relationship can be used to predict the elution ratios of various odorants in chewing gum using ΔI that has a close relation to the polarity of the compounds. The current study is the first to show that the elution ratios of various odorants in chewing gum can be predicted by ΔI of the compounds without the need to measure them.
the DB-Wax) depend on the vapor pressure or the polarity/ vapor pressure interaction of the compounds, respectively. Based on these factors, it can be presumed that the elution ratios (amounts) of the eluted odorants from the chewing gum have a close relation to the retention time or retention index in the gas chromatography analysis. In addition, these values can be used for the prediction of the in-mouth elution characteristics of odorants in the chewing gum. In order to investigate the relationship of the elution ratio and retention index (RI) of the odorants in the model chewing gum, the elution ratios of the odorants, which had various functional groups (ethers, ketones, aldehydes, esters and alcohols), after the 20-min chewing run were determined by the adsorptive column method with GC-FID using the chewing apparatus. Table 2 shows the elution ratios of 43 odorants in the model tablet gums (determined by GC-MS), whose ratios produced a relatively good reproducibility (RSD < 10%), after the 20-min chewing run. In addition, the table also shows the RIs on the polar and apolar GC columns and the difference between the retention indices (ΔI; these values correspond to the polarity of each odorant). Each RI can correspond to the vapor pressure, polarity, and polarity/vapor pressure interactions of the compounds. First, the relationship between the RIs on the polar or apolar GC column and the elution ratios of the 43 odorants are shown in Fig. 3 and Fig. 4 , respectively. The elution ratios of the tested odorants in the model tablet gums were observed to have little correlation with both the RI values on the polar and apolar GC column. These results indicated that the elution ratio of the odorants in the chewing gum would hardly be related to the vapor pressure of the tested odorants. The relationship between ΔI, which has a close relation to the polarity of compounds, and the elution ratios of the odorants is shown in Fig. 5 . Consequently, a slightly strong correlation is shown between the elution ratio and ΔI of each odorant, suggesting that the polarity of the odorants appeared to significantly affect the elution ratio of the odorants in the chewing gum. Moreover, the physicochemical commonality of the odorants, which deviated from the fitted line, was investigated. It was found that the odorants whose molecular weight is greater than 150 tend to deviate appreciably from the fitted line. The elution ratios of such odorants were quite low regardless of their ΔI. Majority of such odorants appeared to scarcely elute from the model chewing gum due to their increased hydrophobicity since the influence of their functional groups on their hydrophobicity is relatively low compared to their molecular weight. The relationship between ΔI and the elution ratios of the selected odorants whose molecular weight is not greater than 150 is shown in Fig. 6 . The figure shows a good overall regression coefficient order to understand the influence of saliva. Moreover, the number and type of functional groups of the tested odorants in the present study were limited. Therefore, verifying the precision of the predictive elution ratio from ΔI and checking the range of odorants to which this prediction approach can be applied will be a future challenge. Furthermore, examining the relationship between the elution ratios and Since distilled water was used as the test medium in the present study, the affect of saliva on the elution characteristics of odorants in chewing gum during chewing remains to be determined. It has already been reported that the addition of saliva has important effects on the retronasal aroma release and their release profiles (Van Ruth and Roozen, 2000) . Therefore, further investigation will be needed in other physical parameter (dipole moment, etc.) of odorants will also be a future challenge. In addition, the composition of the chewing gum could affect the elution ratio of the odorants. In fact, it has already been reported that the composition of chewing gum (for example, the chewing gum bases, the carbohydrate and solvent) could affect the retronasal aroma release (Sostmann et al., 2003; Fisker and Nissen, 2006; Potineni and Peterson, 2008) , and the composition of chewing gum is assumed to have some effects on the elution characteristics of odorants. Therefore, examining the impact of the composition of chewing gum on the elution ratio will also be one of the future challenges.
Based on these results, it was indicated that the elution characteristic (elution ratios and their release curve) of the odorants in the chewing gum, which has been difficult to examine, can be easily estimated by the approach comprised the combination of the adsorptive column method and HS-SPME using the chewing apparatus. The approach can be used to predict the elution ratio of odorants in chewing gum from their ΔI, which is the difference between the RI on the polar and apolar GC columns. Such analytical method and prediction approach are very effective methodologies that can provide useful information in order to clarify the elution characteristics of odorants in chewing gum. Moreover, it can be assumed that hydrophobicity/hydrophilicity is the key factor for determining the elution characteristics of odorants in chewing gum during chewing. In addition to these elution characteristics, by combining with the volatility characteristics and mass transfer from the oral cavity to the nasal cavity of the odorants, the overall flavor release from the chewing gum will be revealed in detail.
